Purpose: To investigate some laboratory findings mainly through biochemical/hematological assays in tick-borne relapsing fever in an endemic region where Borrelia persica is known as the responsible spirochete.
Introduction
Relapsing fever is a disease with recurrent episodes of fever that may be accompanied with some non-characteristic symptoms such as chills, headache, arthritis and myalgia. The tick-borne relapsing fever is an infectious disease caused by spirochetes of the genus Borrelia that may be acquired through the bite of an infected tick [1, 2] . Relapsing fever, although quite common in some countries, is generally considered as an unusual tropical disease [3] [4] [5] . Iran is among the main regions where relapsing fever caused by Borrelia persica is an endemic disease [6] [7] [8] [9] [10] . In most parts of the world, such as most european countries, the disease is usually an imported case when the diagnosis is made and it is caused by varous species of the microorganism. Therefore, the diagnosis of relapsing fever illness should be taken into account in patients having recurrent fever who have recently been back from an endemic region, and concommitantly have jaundice, spleenomegaly, rash and symptoms of haemorrhage or meningoencephalitis. The illness is caused by infection wich through changing the surface antigens, Borrelia spirochetes , repeatedly stimulate the immune system every time by a new antigen giving rise to a febrile reaction. The cycles of effective immune responses followed by immunologic escape due to antigenic variation of the microorganism explains the relapsing nature of this disease [11] . The transmition of spirochetes to humans occurs through being bitten by an infected Ornithodoros tick. Joseph Desire Tholozan a physician working in Iran who presented about Persian relapsing fever (Borrelia persica,), explored a tick as the vector of Borrelia persica that was later named in 1879 as Ornithodoros tholozani [12] . Moreover, Ornithodoros erraticus has also been an important vector of the disease in many provinces of Iran including Sistan and Balouchestan, Kerman, Isfahan, Tehran, Khuzestan, Fars and coasts of Persian Gulf [13, 14] . Tick-borne relapsing disease is shown to be limited to only 18 provinces of Iran and about 45% of all cases belonged to Ardabil Province [10] . Although clinical presentations of tick-borne relapsing fever is well discussed in literature, our knowledge of the possible biochemical changes after tick-borne relapsing fever is limited. The aim of this study was to investigate some laboratory findings mainly through biochemical/hematological assays in tick-borne relapsing fever in an endemic region where Borrelia persica is known as the responsible spirochete.
Methods
The study was conducted in three districts endemic for tickborne relapsing fever in Ardabil Province, North-West of Iran during the years 2004-2008. These districs comprised Khalkhal, Kowsar and Nir in southern part of the province. Relapsing fever cases identified through the routine national relapsing fever screening progrgram as well as a later intensified provincial relapsing fever screening program, planned to facilitate objectives of present study, were enrolled. Finger prick blood samples from 2201 patients with fever referred to clinics and health centers/health houses were taken and examined for borrelia infection. A relapsing fever case was diagnosed when fever was accompanied by microscopic detection of spirochetes in Wright-Giemsa stained peripheral thin/thick blood smears. The blood smear slides were examined under 100X objective using dark field microscope. The same was done for all other screened febrile patients. Venous blood samples were taken from patients diagnosed as relapsing fever and sent to central district laboratory for hematological and biochemical assays. The following assays were conducted: Complete blood count, White blood cell count(WBC), Hemoglubin level (Hb), Hematocrit, Lymphocyte count, Neutrophil count, Eosinophil count, Erythrocyte sedimentation rate (ESR, 1st hour-2nd hour), Mean corpuscular hemoglobin concentration (MCHC), Blood urea, Serum glucose, Cratinine, Uric acid, Cholestrol, Triglycerid, SGOT, SGPT, Calcium, Phosorus, Prothrombin time(PT) and Partial thromboplasin time(PTT). Hematological assays were also done for 29 controls chosen from among those living in southern province but inhabtants of regions where no case of relapsing fever had not been reported. Blood samples of all the control group subjects were examined for spirochetes in blood smear and noe of them had a history of fever during the month before enrollment. Resluts of laboratory tests were compared between control subjects and relapsing fever cases. Data were analyzed using stata statistical software package version 10. One-way ANOVA, t-test and multiple linear regression were used to analyze the data after checking for the appropriateness and assumptions. A P-value <0.05 was considered as statistically significant. Study was approved by regional comittee of ethics in Ardabil University of medical sciences. 
Results
Fifty-four percent of the subjects were males and 46% were female participants. Results of screening over the two calander years from 2006 to early 2008 are provided in Table 1 Table 2 . The coorelation matrix for some hematological measures is presented in Figure 2 . After controling for age and gender, only the first hour ESR and second hour ESR remained statistically significant, while white blood cell count had a tendancy to being different between relapsing fever and control group subjects.
WBC: White blood cell count Hb: Hemoglobin (g/dl) MCHC: Mean corpuscular hemoglobin concentration ESR1: First hour erythrocyte sedimentation rate ESR2: Second hour erythrocyte sedimentation rate 
Discussion
Previous research has revealed that the borrelia species causing tick-borne relapsing fever in Iran is Borrelia persica [10, 13] . In Iran Borrelia persica is reported from old times to be widely spread but mostly found in Ardabil and Azarbayjan provinces as well as regions around Alborz and Zagros mountains [13] . Borrelia persica is also considered as the the main source of tick-borne relapsing fever in Euro-Asia and Ornithodoros tholozani is the most important tick vector, found in Iran, Iraq, India, the southern countries of the former USSR, Syria, Jordan, Turkey, Israel, Egypt, and Cyprus [14] . Masoumi et al. investigated frequency of TBRF in Iran over a decade ending in 2006 reporting a total of 1415 cases. The highest prevalence was observed in year 2002. Ardabil, Hamedan, and Zanjan provinces had the highest infection rate [10] . In present study, mean age of the participants was 28.3(SD= 20) years and the median age was 20(IQR=32) years. Of the 1415 TBRF patients in a study by Masoumi et al., men comprise 55% of the cases and 44% of the patients were children younger under 10 years of age, 92% were living in rural areas and the majority of them were working in farming and animal husbandry. In another study from the western regions of Iran, of the 148 patients diagnosed with TBRF, above 90% blonged to the young age group. Most of the patients lived in rural old mud-and-thatch houses [15] . Moreover, in a study in Ardabil from 1998 to 2001, 391 cases of TBRF were detected from whom more than 84% were rural residents and 83.4% were children [9] . Present study indicated that tick-borne relapsing fever, assumed to be caused by Borrelia persica, possibly gives rise to non-characteristic changes in some laboratory parameters. Hematological assessments were predominant in this regard mostly observed as leukocytosis, increased ESR, and low hemoglobin. Non-diagnostic laboratory findings of relapsing fever are scarcely reported in literature. However, in line with our study the results in literature have been consistent regarding the hematological findings in relapsing fever. Mild hypertransaminasemia and elevated aldolase level have also been reported [1, 9, 16, 17] . The authors in present study observed that ESR and leukocytosis decreased significantly after treatment. Malison et al. similarly showed that Leukocytosis with 65% polymorphonuclear and 15% band forms and raised erythrocyte sedimentation rate observed during relapsing fever was decreased after treatment [17] . In present study mean hemoglobin was 2.1 g/dl lower among relapsing fever patients when compared with control group. A lower hemoglobin has been presented in previous descriptive studies. Anemia was assumed to be common in areas where the patients were sampled. Therefore, it was difficult for the researchers in previous studies to strongly hypothesize it to be caused by relapsing fever [9] . However, in present study due to making comparisons with control group patients, it could be postulated that relapsing fever may be the cuase or at least a predictor of mild anemia. Including a control group was promising in this study, however, a reverse causality hypothesis, although less reasonable, should also be taken into account while interpreting the results. That is to say, present study revealed that relapsing fever patients are more likely to have anemia but couldn't prove whether it was an outcome of the disease or a predisposing factor. Nevertheless, long-term cohorts assessing variations of hemoglobin over before and after treatment are needed to make stronger conclusions on a causal relationship. Although there is much not known about pathological mechanisms in relapsing fever, the observed laboratory changes could be expected considering pathogenicity of the spirochetes. Although spirochetes remain mainly in plasma space, they have been also found to invade polymorphonuclear and reticuloendothelial cells. And rarely explored in visceral tissues such as liver and kidney [11] . Nevertheless, many patients may not experience major laboratory variations except to non-characteristic changes such as mild leukocytosis, raised erythrocyte sedimentation rate. Our finding on possibility of anemia to be caused by the disease needs cautious interpretation even though supported by the observed difference between patient and control groups. Oliver et al. referring to two older studies has comes to similar findings with us stating the laboratory changes to be as mild leukocytosis (with a left shift), mild thrombocytopenia, mild anemia and an elevated erythrocyte sedimentation rate are the most common laboratory abnormalities. It is also reported that we may commonly encounter mildly elevated serum bilirubin, hepatic enzymes, urea nitrogen, creatinine and coagulation parameters, as well as proteinuria or hematuria [11] . Some minor differences between our study and previous ones may be either due to methodological variations or due to Borrelia species variations. Larger longitudinal controlled studies are needed to confirm the finding on anemia and investigate the possible mechanisms behind. The diagnosis of relapsing fever is overlooked most of the times because of its nonspecific signs and symptoms. physicians should consider the diagnosis of relapsing fever in patients who have a recurrent fever and a history of recent travel to an endemic area [11] . Ardabil Province has the highest prevalence of relapsing fever in Iran, a mountainous area where above 1.5 million people visit it as a main Iranian touristic area during the summer time. Most cases of RF diagnosed in Ardabil Province have been from Khalkhal, Kowsar and Nir districts [9] . Hence, considering the non-characteristic nature of most common laboratory and clinical findings in tick-borne relapsing fever, Clinicians should be alert visiting febrile patients who have returned from an endemic region in Iran during summer time especially from Ardabil Province. 
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